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RL BER Coding Agent B3R bR

® ol — DeepSeek-R1: #IE RL #IiEL ® Long-horizon ¥ XRXEH

® GRPO / DAPO / GSPO: FiREIEFE ® MEREME (BEA-mE-HNIT->RIIE)
® SWE-RL / SWE-Gym: SWE iJllZk4itc ® RIGIEIRH partial correctness

® GiGPO / ARPO / SkyRL-Agent: Agentic RL ® FEEEM pass/fail
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Role-based Self-play Loop

Trace ] Capability Gaps 22 skill: Gap-to-Task © skill: Verifier Design | |Q skill: Task Mutation
Success trace Failure trace Partial trace @ ® A\ m:'e Wsai—'ro—m.sl; e vglffr Dhesﬁn et ::::t?::? ::,I;:t eee
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(O] , @ (020,026 VA pass | | fail | regression ops Gap tot ops Oracle to v ops | T to harder T
- - - >\ r l ) .p-.
Solver Reposﬁ-ory Sandbox/Code World Generator Verifier Gate
B Accepted Task File Tree o | [ Code Editor (utils.py) 54 Inputs Generated
52 task
Solver in Repository Sandbox repa/ 53 def get_item(i): @ > @ Format
inspect /;di'r test patch S;::a/l - 54 if i < len(items): skills
Q <[> a S utils. 55 turn itemsli] # BuG |[*] >
- —> [ utils.py return items[i] > -
) [2) models.py 56 return None Construct task CO Gr‘oundmg
57
Execution Feedback f:'STS/ . g
@ Fixed failing tests @ Regression avoidance T:jr-umtfigg; Results evidences Verifier a Execution
@ Preserved passing rates @ .ee - $ pytest -
Outputs READMEmd I?Yf = @ 5 passed b @ E
. Execytion B requirementstxt | [ FAIL: . Desi ifi
Patch @ run fests l'l—lfzedchk Evidence test_get_item | @ 1 failed repos esign veritier E_LESemamics
e T . J \. J l
Curriculum Task Pool Generator Reward
Repository Context(shared) Task Evolution(capability-gap targeting) Held-out Validation Alignment Reward
el Step 1 Step2 Step 3 Step 4 ® Trusted fasks © {usefulness signal)
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Pipeline s

N
3 Real Repositories & Environment Creation & Task Gen. Strategies = New Task Instances FA’ L"E BE
<>S Cod ( \ ok, .
.o:c:fce E ReEADME rst «4 SWE-agent «¢ Procedural & Environment Image
i Y, - i =
B tests/ ) setup.py Attempts to install the repo Modification (® Synthetic Tasks ﬁﬁi
and execute tests )
EJ Unit Tests 1 2 ' f LM Generated J 2 | @ Generated Issue
tests/test_api.py s N ) STl S — A =N/ \ ey
taaks laxt Nerithion: < Developer ( <4 Combine Bugs J £ Bugged Patch 'I.” *%;::FI:J-L“ zﬁ\—ib)—é ’ j( I:IB 7] taSk gﬁj( |E—.| $E/A\
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SSR (Meta)

[El— LLM RXE#& inject +
repair AR
TTEATLINE

R-Zero

Challenger—Solver 3341

IR self-evolving

+10.4 on Verified

2L
Self-play 328t 7 ATEUEMH, 1L task 75 E] AREIEEL S

SPICE

NX151E8 grounding

Absolute Zero
= zero data

Code executor {HlE—IIIHES SR AXIFRENIE genuine

challenge

o)
A REY task RZ, EBRZHMY: =AY frontier ZERFEMR?

Rt
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°i=- Solver results

ooy Bug injection reward signal .|
v Bug artifact Bug solving reward signal
< > Codebase ~ C
©  © bug_inject.diff @ O test_parser.py Valid ARGt
:"t diff -git src/. AMpOrt sys ©  © pred_patch.diff
ests . . Valid bug
t # 3
| o @ O test_script.sh tmport. json m o diff -git src/..
examples 100 — = __ . (ON0N — Results -
D README.md a pytest -rA.. def parse_output(.. = ' [ B ©  © pred_patch.diff
[ setup.py Bug-injection @ @ test files.txt @  © test_weaken.diff CO’]?;“?”CV Solver agent | diff -git src/.. Q
[ .gitignore agent validation

tests/test_api.py.. diff -git tests/..

I Higher-order bug & ‘




| Open-Ended &/ — ODE

2. On-policy Data Evolution

+) Rubric-Guided Optimization

: . System Config

3
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i Runtime
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® Judge EHESERX rubrics 1L Solver

® Rubrics A5t 7Tt

® =1 verifiable reward R

3§ Coding Agent NIg &
SWE EZHF "+ ARTFHIEE "ABEFHAZ binary Y
— Partial correctness tEE{I RL

FEERMATHENHIBR B R pass/fall
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(b) Agentic Proposing via Compositional Skills

Goal-Driven REET=E

High difficulty

i = Draft —~Refine Generated
ent Skills — > S ) . L
" R 1 c}e{k d ™ Dataset
T O / Agentic Proposing Valid [

IExplic:i’r & Composable Tool call

Verifiable & Caiibrafed:

o | __ _ Stble&Mghyied )

Dynamic & Close-loop

RBEE ZIMER
FRIEEESPIREEE NG
LPERRE > SEERE

ICML 2026

® 4B Proposer / 11k #3E — 30B solver

® AIME25 91.6% SOTA (ICML'26)

RT3

Multi—-Granularity Policy Optimization — Z}i1E =B L141)I|Z5 Proposer



| Frontier Targeting — PROPEL

FA Activation Probe {5 Rollout

PROPEL: Probe-amortized

)R frontier targeting = rollout solver 25 activation probe
SWE 1z5— % rollout J1t+% %t — R forward pass ¥/l solver pass rate
Cost fg—1 8B
RBEE EvoTrainer
SWE 175 frontier task Ebfl: BT H M task" T RE
training harness Bt 75 policy H[E#H
- 19.6%

#ZOBEE: B cheap proxy &t expensive rollout, SLHIEMAEY frontier targeting
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Pipeline Dynamic Evolution Frontier B #t

XREE
Task synthesis "EZEEH preprocessing step
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Hard # Useful, &% gradient-aligned selection



| [@EH: Hard # Useful

4% Difficulty Proxy SWE 178 B4+
Hardness reward (1—p): #isiss % obscure C—extension AFIER
— ¥ task £ fail, TEE — BMEMYS, ZENFAFRTR

Variance reward (p= 0.5): targeting frontier

— "WELXMA", TERME

® 5L off-by-one iR

— BREEEN, FIBME

BILDFIE: MEEMNFEIMEZBAFETRNMRN X R
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EIE@E X task B&FiL validation THF"

-
Gradient-Aligned Online Data Selection (GradAlign)
Current Policy I
: py)
. ALIOT [
: I GRPO Objecti 3
- jective )
St | whariffieinedon ... - El " . =
Dataset i +0 S
(Noisy, multiple v Rollout  Reward VO (Gradient) o
domains) Gradient Vector
| Large batch ~ Training j_:’%‘%: Score Selected
- Candidates Diffused Alignment {0.8,0.4,...-0.1}  Top1/k  Candidates
1I;a rge_tha Sk: w/ target 4 (Grad-aligned)
(Domain focused) Validation _)/{" Target
|Typicalsamples Samblas T _bAvg Directi
\: P Coherent : irection

® Signal EEZIENIZREEXITT NEFE R

® =EL5FT difficulty B9 proxy
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(a) RL Workflow o =i
T r @ Reference —— P—
) e Rubrics SynQA4, Model | r z 4,
B — G — [(roriess ) - ¥ o [(omon, | Femd N 07 J 22|
— | Format [T L2)7| 5 &7 LD
Seed Doc Prompter () @ ——— L Trifloerice : = —
P Rubrics SynQA 5 Inél;;eice : r'G = Ag
| — _______________“__)
- » Generator
(b) Influence Score Computation 4}
1 ‘ projection
: warmup e
0
: Ql% | [
| A|—> = 4k Gradient '
: N E Features []f‘()j(’(’ﬁ()n
+ Initial QA Target LLM ° e e eas
| Gradient Features : | e

________________________________________________________________________________________________________

® H gradient-based influence fE9 reward 5=

® &E1d GRPO 1)l rubric generator



| Socratic-SWE [ Generator Reward

R_G = Valid(t , v, r) - cos(g_t , G_v)

Valid: PUERHITIRIE cos: BEH BT

@ Format: &=V Cosine [REARIES

® Grounding: I TFXXE: Inner product £#% gradient magnitude confound
@ Execution: FIHI/TIE Multi-file X patch RZABEAX, BA—EEH

® Semantics: ENXIFf

SLIOXILE
Hardness: 47.4% Variance: 48.8% Gradient-aligned: 50.4%

Insight: 4§ gradient 35TERIANEBSEEE, WS} difficulty prior (hybrid jEE +0.20)
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Difficulty—aware Gradient-aligned "4 pR BN EE"

WE/FHEIER proxy 1 E A [ R THREE Selection A1t % Generation

XN
Evaluation signal #AZEli#Z] generation 7, AZR%FIER
Task "5 AM"1 2 task X5NEY, M2 task fl model current state B9XF
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WebWorld

M+ B #7812k web world model,

horizon simulation

AWM (Agent World Model)

Code—driven + database—backed &%, 1000

LLM = FEFRE

SWE-World (SWE %ith)

LLM {4 Transition Model + Reward Model &1t Docker #1147,
: 6.2% — 68.2%

I£8E
hes:

IR, B

BHE: BEHRREAE

SearchGym

1% 30+ & long- SHEIRE

IEMIFITFIERL, ) search agent BT AN ZRIALE

Qwen-AgentWorld

BRIAE, Lt R4 Language World Model, 7 MEZ—

(MCP/Search/Terminal/SWE/Android/Web/OS)

BESLHI(T, fidelity AR

[
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I
|

2 Docker—free B SFT #1 RL pipeline

o~y e tronitte. Rl i et it et gl e e s il S e e e e e e e e e e -
I Code Agent Docker-free RL with SWE-World
H g-; SWT Reward 1
s 5%} sandbox Reward2 __, Docker- Final ‘r‘-'-'!'
e Paich 1 = ey BE N
< =% o<

—p  Patch2  —p ﬁp;r SWR— Reward G

Patch G
I &) SWE-World |
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e N



|BRE— (i) : ILRTRTEER

SWE-MiniSandbox SWE-Hub
ZVHE: RBEAEESTE Docker HiRtEB L

@® Linux namespace + chroot ] kernel-level [GE @® Env Agent: raw repo — BIEMHITINE
@ Python venv BB S 23 H1% @® Bug Agent: KFIEE R task
Storage: 5% Setup: 25% — Production-grade "##EL[™"

48E5 Docker pipeline 5e2—8

REBTRIAMN fidelity FaIE

B / base/ TERMINAL

/Host os \ B django/ [foot:/"'/sandbox 1#1 ]

B /mnt B sandbox 0 - / ) \
i /root @ W sandbox 1/ chroot | @ (" Container "\ [ Container TERMINAL
- providers - :
ces naggz;;:ce _, mmnt e | B /mnt < | root:/ #1
S TSR = (F ] | @ |
= see —p
B django/ Gl:::cl:?‘r;e/ — B testbed I‘ — g
[ venv.tar.gz ® B venv cache/ ?1 aWS B testbed ?
I sklearn/ unpack I django/ 50 K B /opt/conda ( 00 )]
| venv ( — ) / e
\ ] venv.tar.gz/ \ /
agent agent

(a) SWE MiniSandbox (b) Container
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World Model Real Environment

@® Fast exploration ® Grounding + Verification
® Cheap filtering (¥I7%) ® Reward computation (£#))
8. Pre-filter 8. Grounding

1IETff%: World model # pre-filter, real execution #f grounding
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378 Closed-World Cross—Domain Transfer HIRERMIEN Learnable

g skill registry ZEEITE repo pool SWE skill — Terminal / DevOps {5 Policy

=1l MIHIIE: Terminal-Bench 2.0 +4.50 Env Agent H&EHE RL itk

— BIRTIR ropo BB AP AE — EESHMENER. RIESHOR
1t

1Eilll4k Agent IR A F T Agentic
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